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Introduction
Thyroidectomy is a common operation with a low incidence of
morbidity, and mortality is rare.1 It is both a high-volume and
medium-cost procedure that impacts health care services and
financing.
Patient outcomes correlate with the experience of the
surgeons, and better outcomes result when surgeons
subspecialize in their field and achieve high-volume surgery.2
Clinical pathways reduce costs by selecting a “best practice”
approach for a particular diagnosis or procedure to reduce
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unnecessary variation in patient care, reduce delays in dis-
charge through more efficient discharge planning and im-
prove the cost-effectiveness of clinical services.3–5
Costs of health care continue to rise due to new advances
in medical technology and drugs, and as a result of caring for
an ageing population with chronic conditions. Thus, cost
containment and delivery of cost-effective surgical care
have become important considerations for hospitals and
administrations. The challenge in health care today is to
engineer the efficient use of shrinking resources while main-
taining or even increasing quality outcomes in patient care.6
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OBJECTIVE: In this study, we evaluated the effect on cost and clinical outcome of the implementation of
departmental subspecialization and a clinical care pathway for patients undergoing thyroidectomy.
METHODS: Subspecialization and a clinical thyroidectomy pathway were implemented in 2001 at the Depart-
ment of Surgery, National University Hospital, Singapore. A total of 150 patients (Group A) who served as controls
were compared with 143 patients who were managed after implementation of subspecialization and the clinical
thyroidectomy pathway (Group B). Length of stay, postoperative complications and cost per patient were
compared between the two groups.
RESULTS: The mean age was 46 years and females comprised 77% of all patients. The mean length of hospital
stay was shorter in Group B (1.9 days) compared with Group A (3.3 days; p < 0.001). The mean hospital charges
also fell significantly after implementation, at S$3,524 per patient in Group B compared with S$3,929 in Group
A (p = 0.003). There was no difference in morbidity between the two groups (2.0% and 1.4% in Groups A and B,
respectively).
CONCLUSION: This study confirms that length of hospital stay and hospital costs are effectively reduced
through the combination of subspecialization and a clinical pathway for patients undergoing thyroidectomy.
Subspecialty units and pathways reduce variation in patient care. This effectively leads to better-quality outcomes,
more efficient discharge planning and improved cost-effectiveness of clinical services. [Asian J Surg 2005;28(4):
266–70]
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In this study, we evaluated the effect of department
subspecialization and a clinical pathway on clinical and eco-
nomic outcomes in patients who underwent thyroidectomy
for benign and malignant disease in the Department of Surgery,
National University Hospital (NUH), Singapore, a 951-bed,
acute care, tertiary-level hospital.
Patients and methods
Subspecialization in the Department of Surgery occurred in
2001, when thyroid surgery was performed by specialists in the
endocrine surgery service. Prior to this, 13 specialists per-
formed thyroidectomies (control group) while after 2001,
there were four specialists (study group).
Thyroidectomy was performed with patients under gen-
eral anaesthesia. All patients routinely had suction drains
placed, which were removed the next day prior to discharge
from hospital.
The thyroidectomy pathway was implemented in 2001 at
NUH. The pathway was developed through collaborative ef-
forts of clinicians, case managers, nurses and other allied
health care professionals. A thorough literature review was
undertaken to ensure that the guidelines in the pathways
reflected the current best practice based on evidence and
available resources.
Patients undergoing total thyroidectomy, subtotal thy-
roidectomy and hemithyroidectomy are treated according to
the clinical pathway. Exclusion criteria include neck dissec-
tion and age of 18 years or younger. Length of hospital stay
(LOS) was recorded in days according to the hospital mid-
night census. All aspects of care are addressed in the path-
way, including preoperative laboratory investigations, post-
operative pain medication, intravenous fluid replacement,
wound management, patient education, discharge instruc-
tions and follow-up care (Figure).
From 2000 to 2001, a total of 150 patients (Group A)
underwent thyroidectomy and served as controls. These were
compared with 143 patients (2002–2003) who were managed
post-implementation of subspecialization and the clinical
pathway (Group B). Length of postoperative stay, postopera-
tive complications, readmissions and cost per patient were
compared between the two groups. Data on these dependent
variables were collected from hospital billing records.
Statistical analyses were conducted using Student’s t test
and the Chi-squared test, with a p value of 0.05 or less consid-
ered significant. Differences in patient’s age, class, complica-
tion rates and comorbidities were analysed using Pearson’s
Chi-squared test and Fisher’s exact test. To identify changes in
the dependent variables of interest, two-sided t tests were used
to compare LOS and hospital charges.
Results
Of the 150 controls in Group A, aged 19–88 years (mean, 48 ±
15.64 years), 55 were total thyroidectomy cases and 95 were
hemithyroidectomy cases. Of the 143 patients in Group B,
aged 19–83 years (mean, 44 ± 15.60 years), 45 were total
thyroidectomy cases and 98 were hemithyroidectomy cases.
There was no statistically significant difference in mean age,
gender or comorbidity between the groups, nor were there any
differences in patient class that may have altered the average
LOS (p > 0.050) (Table 1).
Three patients in Group A and two in Group B had
complications, giving a total morbidity rate of 1.7%. There was
no death in either group. Prospective variance analysis per-
formed for all thyroidectomy pathway patients detected only
Table 1. Characteristics of Group A (controls) and Group B
(clinical pathway)
Group A Group B
(N = 150) (N = 143)
p
Mean age (yr) 48 45 0.126
Gender (%) 0.191
   Male 17 29
   Female 83 71
Race (%)
   Chinese 79 68 0.036
   Malay 6 16 0.006
   Indian 8 10 0.590
   Others 7 6 0.724
Patient class (n) 0.189
   A 27 20
   B1 30 23
   B2 70 77
   B2+ 13 10
   C 10 13
Comorbidities (n)
   Hypertension 12 15 0.461
   Diabetes mellitus 7 5 0.613
Complications (n) 0.691
   Hypocalcaemia 1 1
   Wound haematoma 1 1
   Hoarse voice 1 0
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Figure. National University Hospital — Clinical pathway for thyroidectomy
Level of care/unit Doctor’s orders Treatment Nurse’s notes
Investigation Activity/education
Pre-op/Pre-  TFT (± antibody) • NBM instructed
   admission  FNAC Educate patient on:
 Ultrasonography/CT scan • Check operation results • Nature of operation
• Pre-op operation
Pre-op investigation: • Anaesthesia
 Renal panel • IV drip, drain
 FBC • Wound
 ECG • Pain management
 CXR • Fluids and diet
 Pre-op voice check • Ambulation
Day 1 (day of NA • Hourly for 6 hr, then 4 hourly parameters • Vital signs monitored
    surgery) • Check wound, voice • Check dressing
• Check for symptoms of hypocalcaemia • Monitor for signs of bleeding
• Check drain amount • Check for symptoms of hypocalcaemia
• IM pethidine/maxalon • Check IV site
• Panadeine or NSAIDs • Check drain amount
• Lozenges • Evaluate pain control
 Thyroxine __________ μg daily • Ambulate
 Calcium-Tums __________ tabs t.d.s. • Assisted daily living
 Calcium gluconate IV 1 ampoule in • Stitch and staple removal set available
       500 mL saline
 IV drip
 Full feeds to full diet
Day 2 (post-op • Calcium (Subtotal/Total) • Monitor 6 hourly parameters • Check wound
   day 1 of surgery) • Check wound, voice • Check for symptoms of hypocalcaemia
• Check for symptoms of hypocalcaemia • Check drain amount
• Check drain amount Drain removed
 Remove drain • Check IV site
 Remove IV plug IV plug removed
 Trace blood results • Evaluate pain control
 Full diet • Ambulate patient
• Write discharge prescription Educate patient on:
• Follow-up appointment • Diet
 Write medical certificate • Medication
 Form for TFT and calcium before • Care of wound
       clinic (subtotal/total) • Neck exercise
• Discharge instructions to patient • Discharge instructions
Doctor’s signature: __________________________________ Signatures: ________________________________________________
• = must complete the action;  = according to patient’s condition. Pre-op = preoperative; TFT = thyroid function test; NBM = nil
by mouth; FNAC = fine needle aspiration cytology; CT = computed tomography; IV = intravenous; FBC = full blood count; ECG =
electrocardiography; CXR = chest X-ray; NA = not applicable; IM = intramuscular; NSAIDs = non-steroidal anti-inflammatory drugs;
tabs = tablets; t.d.s. = to be taken 3 times/day.
ASIAN JOURNAL OF SURGERY  VOL 28 • NO 4 • OCTOBER 2005 269
070/2001
■ IMPROVEMENTS IN THYROIDECTOMY ■
one patient who had comorbidity that required treatment and
could not be discharged by the fourth postoperative day.
The histopathological diagnoses in Group A were 93%
benign and 7% malignant, whereas in group B, 80% of cases
were benign and 20% were malignant (Table 2).
In Group A, the surgeon with the highest volume ac-
counted for 28% of the 150 cases, while in Group B, the
surgeon with the highest volume performed 83% of the 143
cases.
Mean total LOS in Group B (1.91 days) decreased by 43%
compared with the mean LOS in Group A (3.33 days; p < 0.001).
Mean hospital charges also decreased from S$3,929 per
patient in Group A to S$3,524 per patient in Group B (p <
0.005) (Table 3).
Discussion
This study showed that after the implementation of both
departmental subspecialization and a clinical thyroidectomy
pathway, LOS and total hospital charges were reduced with-
out any compromise in the quality of care in patients undergo-
ing thyroidectomy for benign and malignant conditions.
The fact that both subspecialization and the clinical path-
way were implemented in the same period makes it difficult to
differentiate which category contributed more to improved
outcomes after thyroidectomy in Group B. However, it is well
known that subspecialization and individual surgeon experi-
ence is an important factor in reducing complication rates and
LOS for thyroidectomy and other surgical procedures. There
is a relationship between higher-volume surgeons and better
patient outcomes.7 In this study, subspecialization with a
predominant surgeon performing thyroidectomy in the sec-
ond group (83% of cases) is likely to have contributed to
reduced variation in practice. This has an important effect on
standardizing surgical care such that unnecessary tests or
procedures are withdrawn from routine patient care.
Clinical pathways have been reported to be associated with
a reduction in LOS and costs. Archer et al reported a reduction
in LOS, from 10.3 to 7.5 days, and hospital charges, from
US$21,650 to US$17,958, for patients undergoing total
colectomy and ileal pouch with anal anastomosis.8 Chang et
al reported a decrease in LOS from 5.5 to 4.9 days along with
a 12.9% decrease in hospital admission charges for patients
undergoing urological surgery.9 Calligaro et al similarly de-
scribed a decrease in LOS for patients undergoing major
vascular reconstruction.10
In the Department of Surgery at NUH, pathways have been
implemented for thyroidectomy, mastectomy, gastrectomy
and colectomy. Santosa et al reported improved consistency
in patient treatment, quality of patient outcome, reduced cost
of care and LOS after implementation of a mastectomy
pathway.11 Widjaja et al reported that implementation of a
stroke pathway with ongoing variance analysis was associated
with substantial improvements in the major variances identi-
Table 2. Distribution of pathologies in Group A (controls) and
Group B (clinical pathway)
Pathology Group A Group B
Benign colloid goitre (%) 70 60
Toxic goitre (%) 10 8
Follicular adenoma (%) 13 12
Malignant goitre (%) 7 20
Total (%) 100 100
Table 3. Length of stay (LOS) and hospital charges in Group A (controls) and Group B (clinical pathway)
Group A Group B
p
Range Median Mean Range Median Mean
Hemithyroidectomy (N = 95) (N = 98)
   LOS (d) 1–5 3.0 2.9 1–4 1.0 1.5 < 0.001
   Cost (S$) 3,254 3,338 2,982 3,068 0.002
Subtotal/total thyroidectomy (N = 55) (N = 45)
   LOS (d) 2–8 4.0 4.0 1–5 3.0 2.6 < 0.001
   Cost (S$) 4,802 5,010 4,543 4,581 0.087
Overall (N = 150) (N = 143)
   LOS (d) 1–8 3.0 3.3 1–5 2.0 1.9 < 0.001
   Cost (S$) 3,631 3,929 3,272 3,524 0.003
S$ = Singapore dollars.
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fied and significant decrease in the average LOS.12
Clinical pathways can shorten LOS and thereby reduce
costs, an important area for clinicians and hospital adminis-
trators to tackle in the current health care environment, by
decreasing variation in practices.13–15 Aspects of care includ-
ing pre- and postoperative tests, postoperative drain and wound
management, dietary advice and discharge planning are all
coordinated and completed in an efficient manner. Unneces-
sary duplication of care processes and prolongation of hospi-
tal stay is avoided.
With subspecialty units and pathways, consistency of care
is also improved and patients can expect similar consistent
practices and treatments for similar conditions regardless of
which doctor is delivering that care.
Surgeons’ skills are improved with subspecialization. Path-
ways reduce variation and unnecessary practices, and are use-
ful for ward staff and nurses. We believe that the combination
of the two, as shown in this study, leads to improved health
care for patients.
The future of patient care delivery lies in the combination
of hospitals providing affordable health care, clinicians achiev-
ing and maintaining a high standard of quality care, and
coordinated care processes to minimize variance and
inefficiency.
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